ABSTRACT HCV infection continues to spread at an alarming rate among IDU populations. The available evidence suggests that HCV is acquired relatively quickly following onset of injection. However, there are few prospective studies of HCV acquisition, particularly among IDU populations in resource-poor settings. A sample of young male heroin injectors with recent onset of injection (G4 years) was recruited in Hanoi, Vietnam for a prospective assessment of the early course of injection (n=179). Both behavioral and biological assessments (including detailed retrospective assessment of injection initiation) were conducted at baseline and repeated at 6-month intervals for a period of 16 months. Variables associated with HCV infection (p valueG0.05) in bivariate analyses were considered for inclusion in logistic regression models to identify risk factors independently associated with HCV infection. HCV incidence was calculated by using the incidence density approach and was expressed in terms of person-years of observation. The baseline of prevalence of HCV was 46%. HCV significantly increased in relation to time since first injection, from 30% in subjects with ≤10 months of injection risk to 70% in subjects with ≥30 months injection risk (p value=0.0005). In multivariate logistic regression analysis, increasing age, incarceration in a drug detention facility (OR=2.54; 95%CI 1.05, 6.15), and time since first injection remained significantly associated with HCV infection. Use of injection as primary mode of administration (OR=2.56; 95%CI 0.98, 6.69) achieved marginal significance. After 16 months of follow-up, the incidence rate of HCV was 23.35 per 100 person-years and the mean time between first injection and first positive HCV test was 1.2 years. HCV is acquired much more rapidly among new injector populations than previously recognized, demonstrating the need for early behavioral intervention among new heroin-user populations. Particularly critical are interventions that target new heroin user populations, including interventions that improve understanding of viral transmission dynamics, that promote alternative strategies for drug sharing, and that delay initiation of injection.
INTRODUCTION
Serial reuse of syringes and injection paraphernalia (e.g., cookers, cottons, rinse water, etc.) have been associated with exposure to multiple blood-borne pathogens, including hepatitis B, hepatitis C, and HIV-1 [1] [2] [3] . Both HBV and HCV infection confer high risk for liver cirrhosis and hepatocellular carcinoma. Although the advent of the HAART therapy has significantly improved both longevity and the quality of life of persons with HIV infection, co-infection with HBV or HCV increases risk for poor outcomes and HCV co-infection may also limit HIV-treatment options 4 . Although serial syringesharing has declined among IDUs and contributed to reductions in new HIV infections, HCV infection continues to be spread at an alarming rate among IDUs, notably among younger age cohorts and those with relatively recent onset of injection risk [5] [6] [7] [8] [9] [10] . While several explanations for this pattern have been offered, much of the available information about HCV among young IDUs is based on retrospective analysis of somewhat older IDU samples (notably, with relatively lengthy intervals from first injection) or from studies of high-risk youth populations in which injection risk was prevalent but in which there was limited assessment of early injection risk practices. Although both types of studies have highlighted the importance of understanding early acquisition of HCV infection, there is little prospective assessment of HCV acquisition and a general dearth of specific information about risk factors in the early course of injection 11 .
With the overall goal of further elaborating our understanding of unique risks associated with the early course of injection, particularly acquisition of HCV, this paper describes data from a prospective, ethno-epidemiological study of behavioral risk in a sample of young male heroin users in Hanoi, Vietnam. Included in this report are data on the baseline prevalence, behavioral correlates of HCV infection, and a preliminary analysis of the incidence of HCV during the first 16 months of follow-up.
METHODS

Study Design and Research Procedures
Between October 2005 and December 2006, a sample of active young heroin injectors was recruited for participation in a prospective study of the early course of injection risk (N=236). Participation was limited to men, age 16 to 29, who selfreported current heroin use (last 30 days) and whose first use of heroin was within 4 years since time of study enrollment. Mobile teams of interviewers employed targeted and chain referral sampling strategies in targeted areas of all nine inner-city districts of metropolitan Hanoi, concentrating on settings and venues which had been identified in prior ethnographic research as having high-or medium-density activity associated with heroin distribution and injection. Owing to concerns about efficiency and confidentiality, areas with low-density heroin activity were excluded. Participation was relatively high, with the majority (80.55%) of eligible subjects agreeing to participate.
Following written informed consent, subjects completed a formal, face to face behavioral interview conducted at a private research office. Domains included demographic characteristics, lifetime exposure and current use of alcohol, tobacco and a wide range of illegal or illicit substances, onset and sequence of drug initiation, mode of administration at first use, current patterns of heroin use (last 30 days), onset of sexual activity, current sexual profile (including practices, frequency, and partnering), concurrency of drug and sexual risk, knowledge of HIV transmission risks, and history of drug detention.
Following completion of the interview, subjects were asked to donate a blood specimen for research purposes. Subjects were given pre-test counseling as well as information about how to obtain test results. Subjects were also provided post-test counseling. Those who tested positive for an active STD were offered free STD treatment and those who test HIV positive were offered a referral and escort to an HIV care facility. Additionally, those who tested negative for HBV infection were offered free HBV vaccination. Blood specimens were screened for HIV-1, HBV, and HCV infection. HIV infection was determined by positive enzyme immunoassay screening (SFD, Bio-Rad of France) and two enzyme-linked immunosorbent assays (Abbott, USA and Biomerieux, France). HCV antibodies were detected with ELISA, using the third-generation UBI HCV EIA 3.0 (Biomerieux, France).
Subjects were paid the Vietnamese equivalent of $7 in compensation for their time.
All study procedures and instruments were reviewed and approved by a U.S. Institutional Review Board as well as by the Institutional Review Board of Hanoi Medical University.
MEASURES AND ANALYSES
Since the purpose of this analysis is to assess injection risk and early acquisition of HCV infection, the current analysis is limited to data from subjects with a history of injection (n=179). Measures included a baseline interview and repeated assessments at 4-month intervals for a period of 24 months. This report describes the incidence of HCV following 16 months of follow-up. Time since first injection (calculated in months) was computed by subtracting the age at first injection from age at the baseline interview. For bivariate and multivariate analyses, time since first injection is described in 10-month intervals.
Frequency distributions and descriptive statistics were used to characterize the sample at baseline. Overall seroprevalence estimates and 95% Confidence Intervals (CI) for HCV, HBV, and HIV were calculated. Chi-square analysis or Fisher exact tests were used to evaluate differences in categorical outcome measures, and independent t test or one-way analysis of variance (ANOVA) were used to evaluate the relationship between HCV infection and continuous outcomes. Risk factors significantly associated with HCV seroprevalence (pG0.05) in bivariate analysis were included in multivariate logistic regression models to identify risk factors independently associated with HCV seropositivity.
We evaluated possible multicollinearity between covariates included in the final model for indicators such as age (two indicator variables [20-24 years, 25+], for which age 15-19 was the reference category) and length of injection (three indicator variables [11-20 months, 21-30 , and 31-43], for which 1-10 months was the reference category) by correlation analysis and collinearity statistics test, as suggested by Allison 12 . There was no significant collinearity between any of the covariates included in the final model. HCV incidence was calculated by using the incidence density approach 13 and is expressed in terms of person-years of observation. Confidence intervals for the HCV incidence rate (95%CI) were based on the Poisson distribution. Incidence rates were calculated as the number of incident cases divided by person-years at risk. The date of HCV seroconversion was estimated as the midpoint between the last negative and the first positive visit. To identify the mean time from age of first injection to seroconversion, the estimated age at first positive HCV test was subtracted from the age of injection initiation.
All statistical analyses were performed using the statistical package SAS (Version 9.1, Cary, NC).
RESULTS
Participant Characteristics
Demographic and individual risk characteristics are shown in Table 1 . The mean age of the cohort was 21.25 years (range 15-27 years). Most (88.27%) were born in Hanoi. Most were unmarried and had, on average, completed only 9 years of primary education. Only a third had formal employment. Nearly 9% of the participants had a history of criminal imprisonment and more than half (56.98%) had a history of forced incarceration in a drug detention facility.
Patterns of Heroin Initiation
Mean age of first use of heroin was 16 years (range 11-23 years), the vast majority (97.7%) employed smoking as their first mode of administration. Mean age of first injection was 19.69 years (range [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . At the time of their first injection, the vast majority (91.62%) received some form of technical assistance from another person (typically a somewhat older injector) in preparing a heroin solution and injecting it. Consistent with the easily soluble form of powder heroin available in Vietnam, most reported simply mixing heroin with water in order to dissolve it into liquid form for injection and only a minority (7.82%) applied heat as an aide to dissolving heroin into solution form.
Current Heroin Use and Injection Risk (Last 30 Days)
As an artifact of study criteria, all subjects reported the use of heroin within 30 days prior to the interview. More than half reported injecting heroin on a daily basis (56.42%) during this time period, with a mean number of 2.43 injections per day. Use of a wide range of CNS depressants was also prevalent, including novocaine (91.62%) and promethazine hydrochloride (marketed locally as Pipolphen; 76.54%). In earlier ethnographic studies, heroin users described frequent use of these substances as a temporary substitute for heroin, as a means of augmenting the effects of heroin, and as means of forestalling onset of heroin withdrawal 14 . Two inter-related indicators of injection risk are noteworthy: first, nearly half (43.18%) indicated that most of their current drug-sharing partners came from "open," situationally defined injection groups with whom they engaged in cooperative activities related to pooling resources for the joint purchase of drugs. Once a shared-drug purchase had been made, strategies for dividing the shared-drug solution included direct needle-sharing (8.94%) and "frontloading"-a practice in which the heroin is mixed with water in a donor syringe and then injected into the front end of each recipient syringe; 87.65%).
Prevalence and Correlates of Blood-Borne Infections
At baseline, 9.1% of the participants had antibodies to HBV core antigen (95% CI [5.29%, 14.34%]). 46.37% tested positive for HCV infection (95% CI, [38.90%, . A high HIV/HCV co-infection prevalence was observed in this young IDU sample. All subjects who had HIV infection (n=22) were also HCV-positive. Figure 1 shows the prevalence of HCV by time since first injection. HCV prevalence was significantly increasing over time since first injection, rising from 30% in subjects with 10 months or less of injection risk to 70% in subjects with 30 or more months (p value=0.0005). Table 2 shows the association between demographic characteristics, behavioral risks, and HCV status. HCV prevalence was significantly higher (pG0.05) for participants with the following characteristics: older age, ever been in a treatment facility, knowing someone who has been diagnosed with HIV infection or AIDS, participating in an open-injection group and administering heroin exclusively by injection in the last 30 days. Table 3 shows the results of the univariate and multivariate logistic regression models evaluating the relationship between significantly associated risk factors and the likelihood of hepatitis C infection. A number of inter-related factors indicative of chronic heroin use were strongly associated with increased risk for HCV in unadjusted analysis: IDUs with a history of drug detention were approximately 2.5 times more likely to have HCV infection; injectors who used injection as their primary mode of administration were 2.15 times more likely to have HCV infection; injectors who knew someone with HIV/AIDS were more than twice as likely to be HCV-infected; injectors who reported that most of their current drug-sharing partners came from an open, situationally derived injection group were twice as likely to have HCV infection (compared to those who primarily used closed, drugsharing groups). A higher probability of HCV infection was also observed among those with more than 21 months of injection risk. No other sociodemographic or injection risk factors recorded at baseline were significantly associated with HCV infection.
In adjusted multivariate models, those with a history of incarceration in a drug detention facility, use of injection as a primary current mode of drug administration, and length of time since first injection remained positively associated with HCV infection.
HCV Incidence
For those participants who were HCV-negative at baseline, the follow-up rates were 54.17% in month 4, 43.75% in month 8, 36.46% in month 12, and 35.42% in month 16 . Participants lost to follow-up were similar to those who remained in the study with respect to most sociodemographic characteristics and duration of heroin use (p90.05). However, participants lost to follow-up were significantly more likely to use heroin on a daily basis and more likely to participate in "open" injection groups (p≤0.05). Reasons for loss to follow-up included criminal imprisonment or drug detention, (30.58%), migration (9.78%), and death (1.68%). 22.56% were lost to follow-up for unknown reasons.
During a median follow-up of 16 months, 11 participants became HCV seropositive after 47.11 person-years of follow-up. The overall incidence of HCV 15, 16 . Risk factors for HCV resemble those reported in the general IDU literature, including older age and longer duration of drug injection 6, [16] [17] [18] . However, all subjects who were HIV+ at baseline also had HCV infection, reflecting a considerably higher rate of co-infection than reported in prior studies [19] [20] [21] [22] [23] [24] . Of particular importance, however, is the high rate of HCV seroconversion (23.35/100 person-years) within only 16 months of observation. Although previous studies have suggested that HCV is acquired relatively early following onset of injection, most of the available evidence derives from retrospective studies of older, long-term IDU populations in which a precise evaluation of the interval between onset of injection risk and acquisition of HCV was not possible. In examining this question prospectively in this study, we calculated time to seroconversion for each incident case using the interval between age at first injection and date of seroconversion. For IDUs injecting 4 years or less at baseline, the mean time to HCV seroconversion from onset of injecting was 1.2 years, earlier than detected in previously HCV studies 25, 26 and indicating a significantly narrower window of opportunity for behavioral interventions for new heroin-using populations 27 . Three general arenas should be targeted for early intervention:
1. High-risk drug-sharing practices: the majority of the sample reported recent frontloading, probably significantly under-representing the actual frequency of drug sharing. It is noteworthy in this context that we abandoned a formal assessment of the frequency of drug sharing because formative research indicated that the practice was so commonplace that it would be difficult to capture sufficient variability so as make the frequency data analytically useful. However, high rates of frontloading associated with drug sharing may partially account for the high rates of HCV infection observed. Although awareness of HIV risk from direct needle-sharing was generally high, injectors had virtually no knowledge of HCV. Moreover, understanding of transmission risks other than syringe-sharing was also limited; although many recognized the importance of using a sterile "donor syringe" in sharing drug solutions, there was relatively little understanding of how viral transmission is associated with serial reuse of cookers, cotton, and water sources in the course of preparing and dividing shared-drug solutions. Few were aware of the protective effects of heating drug solutions 28 . Thus, although there is a general understanding of risk from needle-sharing, young injectors generally lack a complete and detailed understanding of viral transmission risks and of safer alternatives for preparing and distributing shared-drug solutions. 2. High-risk injection groups: there is limited research on the history, composition, and stability of injection groups in Vietnam. As noted above, initial formative ethnographic research in this study indicated that IDU's recognized an "emic" distinction between "open" and "closed" injection groups. "Open" groups were described as forming on an ad hoc, situational basis, typically without any abiding prior social association, undifferentiated membership, and opportunistically defined roles in cooperative activities associated with drug acquisition, preparation, and disposition of shareddrug solutions. Though quite frequent, participation in open-injection groups was nevertheless typically described in the context of situational "emergencies," particularly, insufficient money to secure heroin in the context of impending heroin withdrawal. Although many of the same individuals may re-group on a repeated basis, injectors indicated that there was no expectation of an abiding affinity amongst the individuals and no expectation that the cooperative activities would extend beyond those required for that particular injection event. At a social level, interactions within these groups were described as in terms that reflected a brittle quality to interactions in these groups, with high levels of suspicion and high risk for interpersonal conflict.
In contrast, "closed groups" were described as having a more elastic quality, having often been formed on the basis of some kind of prior social affinity, and supporting a more complex set of social and economic functions beyond the exigencies of drug sharing itself. This included expectations of mutual support and friendship in which expectations of reward or repayment related to drug sharing might be substituted or deferred. Importantly, for this discussion, injectors explicitly described the advantages of closed groups in relation to reduced for HIV risk since acceptance into these types of groups is often predicated upon demonstration that an individual is HIV negative and also upon a promise that the individual will not share syringes outside the group. Injectors also described this context as one in which they might be less vigilant about sharing injection paraphernalia, in part because of the assurances that others in the group are HIV− and in part because of the additional pressure to share drugs that is derived from the social foundation upon which these groups are predicated.
In summary, the situation is one in which the high cost of drugs and high risk for arrest both create drug scarcity (at least at the level of the individual user). Strategies for managing this scarcity, including frontloading and participation in multiple concurrent injection groups, may serve to increase risk for exposure to viral pathogens because they increase the number of partners with whom an injector engages in potential behavioral risk. Injectors appear to recognize the protective utility of delimiting their drug-sharing partners, although externally derived circumstances associated with supply and cost often constrain decisions about injection groups. However, interventions should build upon this foundation with the goal of better informing injectors about alternative options for dividing shared drugs and potential transmission risk in drug preparation paraphernalia, perhaps using the very ad hoc composition of injection groups themselves as a tool for broadly disseminating and modeling safer injection knowledge and skills acquisition.
3. High-risk environments: although Vietnam has a long history of opiate use, in the last two decades it has become increasingly urbanized. While somewhat different than the types of "shooting galleries" described in North America and Europe, heroin injection was also often situated in public or semi-public environments in which serial reuse of syringes was commonplace 29, 30 . More recently, however, significant police pressure has been exerted on drug "copping" areas and public injection settings, significantly reducing the availability of shooting galleries. However, this significantly increased risk for arrest associated with drug possession, and thus placed a premium on rapid injection, including adoption of drug-sharing strategies and drug-injection practices that contribute to increased risk for exposure to viral pathogens 14 .
Additionally, increased police pressure also resulted in significant increases in drug-related arrest, including extended detention in "O6 centers." During initial formative ethnographic research in this study, drug users with a history of drug detention described high rates of drug use within the centers. Moreover, owing to the scarcity of both drugs and injection equipment within the centers, high-risk injection practices were also common. Thus, drug detention centers may have inadvertently replicated many of the same high-risk ecological conditions that had given rise to high rates of HIV transmission in "shooting galleries," including the presence of a large and generally older population of heroin injectors (contributing to age cohort mixing) and an environment characterized by extraordinary external pressures (including scarcity of drugs and sterile injection equipment).
Study limitations include a high number of subjects who were lost to follow-up. However, analysis showed that loss to follow-up did not differ significantly on age, time since first injection, history of drug detention, and administration of heroin only through injection (p90.05) when compared to subjects who remained in the study. While differential loss to follow-up may still be operant, it is likely that this would result in an under-estimation of HCV incidence. Finally, we cannot exclude the possibility of residual confounding due to unmeasured covariates associated with HCV infection such as tattooing and future studies should address these questions.
In summary, these data indicate that HCV infection is acquired more rapidly following onset of injection than previously recognized. There is a critical need for targeted behavioral interventions among new heroin user populations that both delay onset of injection and also accelerate acquisition of knowledge and skills related to safe injection practices. Additionally, structural interventions and policy reforms should be undertaken to reduce ecologically based sources of risk, including policing activities and drug detention environments that increase risk for drugrelated harm.
